Turkish Journal of Botany
Volume 46

Number 3

Article 2

1-1-2022

Pollen and trichome morphology of tribe Stachydeae (Lamiaceae)
and its phylogenetic significance
LEILA HOMAMI TOTMAJ
YASAMAN SALMAKI

Follow this and additional works at: https://journals.tubitak.gov.tr/botany
Part of the Botany Commons

Recommended Citation
TOTMAJ, LEILA HOMAMI and SALMAKI, YASAMAN (2022) "Pollen and trichome morphology of tribe
Stachydeae (Lamiaceae) and its phylogenetic significance," Turkish Journal of Botany: Vol. 46: No. 3,
Article 2. https://doi.org/10.55730/1300-008X.2683
Available at: https://journals.tubitak.gov.tr/botany/vol46/iss3/2

This Article is brought to you for free and open access by TÜBİTAK Academic Journals. It has been accepted for
inclusion in Turkish Journal of Botany by an authorized editor of TÜBİTAK Academic Journals. For more
information, please contact academic.publications@tubitak.gov.tr.

Turkish Journal of Botany
http://journals.tubitak.gov.tr/botany/

Research Article

Turk J Bot
(2022) 46: 205-229
© TÜBİTAK
doi:10.55730/1300-008X.2683

Pollen and trichome morphology of tribe Stachydeae (Lamiaceae) and its phylogenetic
significance
Leila HOMAMI TOTMAJ, Yasaman SALMAKI*
Center of Excellence in Phylogeny of Living Organisms, Department of Plant Science, School of Biology, College of Science,
University of Tehran, Tehran, Iran
Received: 15.08.2021

Accepted/Published Online: 26.03.2022

Final Version: 27.05.2022

Abstract: Tribe Stachydeae with 12 genera were divided into two major clades: Melitis and Eurystachys clades consisting of all genera
attributed to Stachydeae except Melittis. Recently, a broadly defined Eurystachys clade falling into 12 well-supported clades have been
formally named in a phylogenetic nomenclature. In the present study, trichomes of 70 spp. from nine genera and pollens of 53 spp. from
six genera were investigated using scanning electron microscopy (SEM) in order to draw the taxonomic conclusion of tribe Stachydeae.
Trichome characters that can provide adequate variation in delimitation of taxa were: presence or absence of glandular or nonglandular
trichomes, number of cells (uni-/bi-/multicellular), presence of extremely long trichomes (i.e. more than 1000 μm), presence of branched
trichomes as well as type of glandular trichomes (peltate or capitate with three subtypes: sessile to subsessile, short-stalked and longstalked trichomes). Among the investigated characters, extremely long simple trichomes and branched trichomes were apomorphic
and were found in Eriostomum and Marrubiastrum clades, respectively. In addition, number of colpi, type of sculpturing as well as
shape of lumina as the main features of the investigated pollen grains afforded valuable characters especially in delimitation of several
natural groups, i.e. Eriostomum clade, Empedoclea clade, Sideritis clade, Marrubiastrum clade, and Swainsoniana clade. Moreover, a close
relationship among two annual clades of Sideritis each of represents a section, i.e. Hesiodia and Burgsdorfia, is suggested by our results.
However, in both Stachys and Olisia clades which are morphologically heterogeneous, type of sculpturing shows variation and mostly
useful in species discrimination. Overall, trichome and pollen characters can be useful in describing the natural groups within tribe
Stachydeae along with other reliable morphological characters.
Key words: Eurystachys, Lamioideae, micromorphology, SEM, Stachys, Sideritis

1. Introduction
Stachydeae Dumort. with approximately 470 species
comprise three Hawaiian endemic genera (Haplostachys
(A.Gray) Hillebr., Phyllostegia Benth., and Stenogyne
Benth.) and eight Old World genera (Chamaesphacos
Schrenk ex Fisch., Hypogomphia Bunge, Melittis L.,
Phlomidoschema (Benth.) Vved., Prasium L., Sideritis L.,
Suzukia Kudô, and Thuspeinanta T.Durand), all of which
are nested within the genus Stachys L. (Salmaki et al., 2013,
2019; Roy et al., 2013). The focal group of the present
study, tribe Stachydeae consists of annual and perennial
herbs and subshrubs that exhibit extensive variation in
morphological and cytological characters (Lindqvist and
Albert, 2002) and there are a few morphological features
that characterize the majority of Stachydeae (Scheen et al.,
2010).
Recent phylogenetic studies based on nuclear ribosomal
and plastid DNA data have shown that paraphyletic

Stachys contains two distinct lineages (Salmaki et al.,
2013; Roy et al., 2013). The first lineage, including the
Hawaiian mints, Suzukia, all New World Stachys species
and some Old-World species (Roy et al., 2013). The second
lineage has its center of diversity in the eastern part of
the Mediterranean region migrating in course of time
to Western Asia, Western Europe and Macaronesia, and
subsaharan Africa (Salmaki et al., 2013). For Stachys to
be monophyletic, its circumscription must be expanded
to include the abovementioned genera (Stachys s.l.)
or it could be defined more narrowly (Stachys s.s.) by
recognizing several new genera. Thus, Salmaki et al. (2013)
proposed the phylogenetic name “Eurystachys Y.Salmaki
& M.Bendiksby” for a well-supported clade (Salmaki et al.,
2013; referred to as the “Stachys s.l.”) consists of all genera
of the tribe except Melittis. Recently, Salmaki et al. (2019)
reconstructed a comprehensive phylogenetic trees of tribe
Stachydeae based on nrETS and 5S-NTS nuclear markers
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and divided Eurystachys into 12 well-supported clades,
which also were recovered in the previous phylogenetic
analyses using plastid DNA sequences (Salmaki et al.,
2013). However, the clades retrieved by molecular data
could not be characterized based on morphological
apomorphies. Therefore, in order to draw the taxonomic
conclusions of Eurystachys, more morphological studies of
various kinds are needed.
The phylogenetic significance as well as systematic
value of micromorphological characters in different
genera of Lamiaceae has already been proved (Abu-Asab
and Cantino, 1992; Cantino, 1990). Trichome and pollen
micromorphology have been suggested to be useful in the
phylogeny reconstruction and systematics of Lamiaceae as
well as some of its genera (e.g., Cantino, 1990; Abu-Asab
and Cantino, 1992; Navarro and El Oualidi, 2000; Seyedi
and Salmaki, 2015; Eiji and Salmaki, 2016). However,
there are only a few studies dealing with detailed analysis
of trichomes (e.g., Demissew and Harley, 1992; Salmaki
et al., 2009) and pollen morphology (Koeva-Todoravska,
1978; Basset and Munro, 1986; Demissew and Harley,
1992; Pérez de Paz and Negrín Sosa, 1992; Salmaki et
al., 2008) in the large genus Stachys and its allied genera.
Thus, a micromorphological approach at a global scale in
tribe Stachydeae may represent a promising supplement
to the more traditionally applied macromorphological
investigations.
Here, we perform a detailed trichomes and pollen
morphological study in tribe Stachydeae, to present
a survey on potentially apomorphic features and to
evaluate the significance of these characters for taxonomic
purposes. The aims of the present study are to document
trichome and pollen characters among Stachydeae spp.
which has been divided into 12 well-supported clades and
to determine the most important morphological characters
in terms of systematic and phylogenetic significance of
these characters.
2. Materials and methods
Trichomes of 70 spp. from nine genera and pollen of 54
spp. from six genera of tribe Stachydeae were investigated
using scanning electron microscopy (SEM). The
sampling strategy was to include those taxa attributed to
Stachydeae (sensu Salmaki et al., 2013; 2019) which had
not been examined in the previous pollen and trichomes
investigations. All taxon names in the present study follow
the World Checklist of Selected Plant Families (Govaerts
et al., 2020) except Stachys araxina Kopell. Trichomes and
pollen grains were removed from herbarium specimens
deposited in M, MSB, W, and TUH. A list of voucher
specimens used in the present study and the collection
data are listed in Appendix. The SEM micrographs of
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trichomes and pollen were taken with Hitachi SU3500 at
an accelerating voltage of 10 and 15 kV, respectively.
2.1. Trichome morphology
We first studied the trichomes of different aerial organs
(e.g., stems, petioles, leaf blades, and calyces) with a stereo
microscope (Nikon model XN). Due to the uniformity
of trichome patterns in different aerial organs, only
trichomes of leaves and calyces were informative and they
were studied in detail using SEM. In order to ensure the
constancy of trichome characters in the studied species, at
least three specimens of each species were examined, when
available. For SEM, small pieces of upper part of leaves
(adaxial side) and calyces (outer surface of calyx tube/
teeth) were fixed on aluminum stubs using double-sided
adhesive and were coated with a thin layer (approximately
25 nm) of gold-palladium. For LM examination, intact
leaves of the observed species were boiled in water and
then fixed in 70% ethanol and formalin– acetic acid–
alcohol (FAA) solution. Cross-sections of petioles were
made by hand. The fine sections were stained with
safranin-fast green according to Salmaki et al. (2009).
After dehydration through an ethanol–xylol gradient, the
stained sections were mounted on slides using Canada
balsam. Finally, they were studied using a Zeiss Axioskop
40 light microscope (Germany). The terminology used in
this investigation follows Salmaki et al. (2009) and Siadati
et al. (2020).
2.2. Pollen morphology
When available, two collections were sampled for each
species in order to ensure about the constancy of pollen
characters among different populations of a certain species.
Pollen obtained from flower buds at anthers was prepared
for SEM using methods described in Harley (1992) with
some modifications (Salmaki et al., 2008). The pollen
grains were mounted on stubs and then coated in a sputter
coater with approximately 20 nm of gold-palladium. SEM
micrographs were used mainly for studying the type of
sculpturing and number of apertures. The terminology
follows mainly Halbritter et al. (2009).
2.3. Phylogenetic reconstruction
In order to obtain a phylogenetic tree as a backbone for
tracing the evolutionary pathway of the trichome and
pollen morphological characters, we extracted the nrITS
sequences of 104 taxa belonging to tribe Stachydeae from
GenBank (<www.ncbi.nlm.nih.gov/genbank>). These well
represent both the morphological and the geographical
range of the tribe. In addition, two species of Betonica L.
(i.e. B. officinalis L. and B. scardica Griseb.) were included
as outgroups. All sequences were aligned using MUSCLE
v.3.5 (Edgar, 2004) with manual adjustments in Mesquite
v.2.75 (Maddison and Maddison, 2011). Prior to analysis,
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the best model of nucleotide substitution was selected using
the Akaike information criterion (AIC) in jModelTest
v.2.1.6 (Darriba et al., 2012). Bayesian inference was
implied using GTR + G + I as the appropriate model of
nucleotide substitution in MrBayes v.3.2.6 (Ronquist and
Huelsen- beck, 2003) on the CIPRES Gateway (Miller et
al., 2010) with the number of MCMC generations set to
20 million. Trees were sampled every 1000 generations
with the default of three ‘heated’ and one ‘cold’ chain, and
prestationarity MCMC (5000) samples were discarded as
burn-in. The trees were summarized in a 50% majorityrule consensus tree.
2.4. Ancestral state reconstruction
A data matrix for all taxa included in the phylogenetic
analysis of nrITS was prepared and in several case,s pollen
and trichome characters were extracted from previous
studies (i.e. Abu-Asab and Cantino 1992; Pérez de Paz
and Negrín Sosa, 1992; Salmaki et al., 2008; Salmaki et
al., 2009). The following trichome and pollen characters
were scored to build a morphological matrix: (1) Type of
glandular trichomes (four states: peltate, sessile, shortstalked (i.e. up to 200 μm), long-stalked (i.e. more than
200 μm); (2) nonglandular trichomes (two states: simple,
branched); (3) simple nonglandular trichomes (three
states: short (i.e. from 30 to 500 μm), long (i.e. from 500
to 1000 μm), extremely long (i.e. more than 1000 μm); (4)
pollen aperture surface (four states: tricolpate, tetracolpate,
pentacolpate, hexacolpate), and (5) pollen sculpturing (four
states: reticulate, bi-reticulate, microreticulate, perforate).
These characters were mapped on the 50% majority-rule
consensus tree obtained from Bayesian inference.
3. Results
Different types of observed trichome and pollen and
their distribution among the Stachydeae spp. examined
are listed in Tables 1 and 2, respectively. Selected SEM
micrographs of various types of trichome and pollen are
illustrated in Figures 1‒5 and 5‒8, respectively. Selected LM
micrographs of various types of trichome are illustrated
in Figure 9. In addition, different types of trichomes
and pollen are illustrated and mapped on the simplified
Bayesian 50% majority rule consensus tree based on nrITS
sequences (Figures 10a and 10b).
Trichome characters that can provide adequate variation in
delimitation of taxa were: presence or absence of glandular
or nonglandular trichomes, number of cells (uni/bi/
multicellular), presence of extremely long trichomes,
presence of branched trichomes as well as type of glandular
trichomes (peltate or capitate with three subtypes: sessile
to subsessile, short-stalked, and long-stalked trichomes).
In addition, number of colpi, type of sculpturing, shape
of lumina as well as number of punctae in each lumen as

the main features of the investigated pollen grains afforded
valuable characters in delimitation of taxa.
3.1. Trichomes
In general, two types of trichome (nonglandular and
glandular) were observed on calyces and leaf blades.
Nonglandular trichomes were categorized as simple
(with three subtypes: short, long, or extremely long) or
branched. Glandular trichomes were peltate or capitate
with three subtypes: subsessile or sessile, short-stalked,
or long-stalked. The most common type of trichomes
among examined species was a short simple trichome,
accompanied by sessile or subsessile glandular trichomes
(Table 1). In addition, bi-/multicellular were more common
than the unicellular ones among short simple trichomes.
Simple trichomes― Among the simple trichomes,
the size, shape, cell number, and presence of papillae
on the trichome surface were considered to be reliable
characters in the determination of taxa. In terms of size,
simple trichomes might be short (from 30 μm to 500 μm;
e.g., S. tenuifolia Willd., Figure 2m; S. alpina L., Figure
1c), long (from 500 μm to 1000 μm; S. recta L., Figure 4b;
Hypogomphia turkestana Bunge, Figure 4g; Haplostachys
haplostachya Hillebr., Figure 1f), and extremely long
(>1000 μm; e.g., Stachys chrysantha Boiss. & Heldr., Figure
3m; S. ehrenbergi Boiss., Figure 10b; S. bombycina Boiss.,
Figure 9d). Moreover, short simple trichomes were uni(e.g., S. neurocalycina Boiss., Figure 5c; S. menthifolia
Vis. Figure 9e), bi- (e.g., in S. annua L., Figure 4i), or
multicellular (e.g., S. maritima Gouan, Figure 5b). Short
simple trichomes show some variability on the surface.
They were smooth (e.g., S. mollissima Willd., Figure 4a), or
papillate (e.g., S. annua, Figure 4i; S. neurocalycina, Figure
5c) on surface. They were erect (e.g., S. tenuifolia, Figure
2m), curved towards the tip (e.g., S. arvensis Vahl, Figure
1l; Phyllostegia pilosa H.St.John, Figure 1h) or appressed
(e.g., Phyllostegia grandiflora (Gaudich.) Benth., Figure 1g;
S. annua, Figure 4i). In addition, short simple trichomes
varied from acicular in shape with an acute apex (e.g., S.
latidens Small, Figures 2f and 2g), to conical in shape, with
an erect or curved acute apex (e.g., S. tenuifolia, Figure
2m).
Branched trichomes― Branched trichomes with
their smooth surfaces and almost with more than three
arms have been observed in some species (e.g., Si. cretica
L., Figure 3i; S. burchelliana Launert, Figures 4k and 4l).
In addition, in most species characterized by branched
trichomes, simple nonglandular trichomes were absent.
Glandular trichomes― Different types of glandular
trichomes were present in all the specimens except,
Stenogyne calaminthoides A.Gray, Figure 2n; Phyllostegia
grandiflora (Gaudich.) Benth., Figure 1g; Si. cretica, Figure
3i; Si. candicans Aiton, Figure 3h; Si. dasygnaphala (Webb

207

208

Smooth
Smooth
Smooth
Smooth
Smooth
Smooth
Smooth
Smooth
Smooth
Smooth
Smooth
Smooth
Smooth
Smooth
Smooth
Smooth

Sparse
Sparse
Dense
Sparse
Sparse

Dense
Sparse
Sparse
Sparse
Sparse
Sparse
Sparse
Sparse
Sparse
Sparse
Sparse
Sparse
Sparse
Sparse
Sparse
Dense

Sparse

Stachys natalensis

Smooth Uni-/bi-

Uni-/biUni-/biUni-/biUni-/biMultiUni-/bi-/multiUni-/biBi-/multiUni-/biUni-/bi-/multiUni-/biUni-/biUni-/biUni-/biUni-/biUni-/bi-

Uni-/biUni-/biUni-/bi-/multi-

Smooth
Smooth
Smooth
Smooth
Smooth

Sparse

Melittis melissophyllum
Eriostomum clade
Stachys alpina
Stachys ehrenbergii
Stachys germanica
Stachys heraclea
Stachys mucronata
Stachys clade
Haplostachys haplostachya
Phyllostegia grandiflora
Phyllostegia pilosa
Stachys aethiopica
Stachys arenaria
Stachys arvensis
Stachys bullata
Stachys circinata
Stachys corsica
Stachys debilis
Stachys durandiana
Stachys floridana
Stachys grandidentata
Stachys grandifolia
Stachys latidens
Stachys macraei

Short

Simple

Density Surface Nonglandular

Uni-/bi- or
multicellular
Smooth Uni-/bi-

Species

Conical

Acicular
Conical
Acicular
Conical
Conical
Conical
Acicular
Conical
Acicular
Acicular
Conical
Conical
Conical
Acicular
Acicular/conical

Acicular
Acicular
Acicular/conical

Acicular
/conical
Conical

Curved

Erect
Appressed
Erect/curved
Curved/appressed
Erect/curved
Curved
Erect
Appressed
Erect
Appressed
Erect
Erect
Erect
Erect
Erect

Erect
Curved
Curved

Erect/curved or
appressed
Erect

-

+
+
+
+
+
+
+
+
+

+
+
+
+

-

-

-

+
+
+
+
+

-

Extremely
Long
long

-

-

-

-

Branched

+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+

+

+

+
+
+
+
+
+
+
+
+

+
-

+

-

+
MultiMultiBiMulti-

+
-

-

(GI) (GII) (GIII) (GIV)

Glandular

Table 1. Distribution of different types of trichome (from calyces and leaves) in the examined Stachydeae spp. [nonglandular types: short simple trichomes (NGI), long
simple trichomes (NGII), extremely long simple trichomes (NGIII), branched trichomes (NGIV); glandular types: sessile–subsessile (GI) capitate glandular trichomes,
short-stalked (unicellular) capitate glandular trichomes (GII), long-stalked (bi-/multicellular) capitate glandular trichomes (GIII), peltate glandular trichomes (GIV)].
Density is divided arbitrarily into two categories: dense and sparse. The trichomes in most taxa are smooth and bear no projections, but, in some taxa, they are papillate
on the surface. Stachydeae spp., ordered evolutionary according to Salmaki et al. (2019).
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Stachys nigricans
Stachys ocymastrum
Stachys saxicola
Stachys tenuifolia
Stenogyne calaminthoides
Setifolia clade
Stachys menthoides
Distans clade
Stachys bombycina
Stachys distans*
Empedoclea clade
Sideritis clandestina
Sideritis perfoliata
Sideritis clade
Sideritis antiatlantica
Sideritis endressii
Sideritis incana
Sideritis leucantha
Sideritis tragoriganum
Marrubiastrum clade
Sideritis candicans
Sideritis cretica
Sideritis dasygnaphala
Sideritis gomerae
Sideritis nutans
Sideritis soluta
Swainsoniana clade
Stachys canescens
Stachys chrysantha
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Table 1. (Continued).
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Table 1. (Continued).
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Stachys bullata
Stachys circinata
Stachys corsica
Stachys durandiana
Stachys floridana
Stachys grandidentata
Stachys macraei
Stachys natalensis
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Melittis melissophyllum
Eriostomum clade
Stachys heraclea
Stachys mucronata
Stachys clade
Haplostachys haplostachya
Stachys arenaria

Bireticulate
Microreticulate

–

Sculpturing

Species

Smooth
Smooth
Smooth
Smooth

Smooth

Smooth

Smooth

Sinuate
Sinuate
Sinuate
Sinuate
Sinuate
Sinuate
Sinuate
Smooth
Sinuate
Sinuate
Sinuate
Sinuate

Smooth

Sinuate
Sinuate

Sinuate
Sinuate

Muri
surface
Sinuate

4
4
4
4

6 pantocolpate

3

3

3
3
3
3
3
3
3
3
3
3
3
3

3

3, 4
3

3
3

Number
of colpi
3

Table 2. Distribution of different types of pollen in the examined Stachydeae spp. All sizes are in µm. Dash means that data is not available for this character. Stachydeae spp. are
ordered evolutionary according to Salmaki et al. (2019).

HOMAMI-TOTMAJ and SALMAKI / Turk J Bot

211

212
Heterobrochate
Heterobrochate
Heterobrochate
Heterobrochate
±Homobrocate

Polygonal
Polygonal (rarely elongate)
Polygonal
Polygonal
Polygonal
Polygonal
Heterobrochate Polygonal
Polygonal
–

Bireticulate
Bireticulate
Bireticulate
Bireticulate
Bireticulate
Microreticulate
Bireticulate
Bireticulate

Microreticulate
Microreticulate
Microreticulate
Microreticulate
Microreticulate
Bireticulate
Bireticulate
Microreticulate
Bireticulate
Perforate
Bireticulate
Bireticulate
Microreticulate
–
–
Heterobrochate
–
–
Heterobrochate
–
Heterobrochate
Heterobrochate
–

–
–
–
–
–
–

Perforate
Perforate
Perforate
Perforate
Perforate
Perforate

Polygonal
Polygonal
Polygonal
Polygonal
Polygonal–elongate
Polygonal
Polygonal
Polygonal
Polygonal
–
Polygonal
Polygonal
Elongate

–
–
–
–
–
–

–

–

Perforate

Sideritis tragoriganum
Marrubiastrum clade
Sideritis candicans
Sideritis cretica
Sideritis dasygnaphala
Sideritis gomerae
Sideritis nutans
Sideritis soluta
Swainsoniana clade
Stachys canescens
Stachys chrysantha
Stachys glutinosa
Stachys mollissima
Stachys recta
Stachys spinosa
Stachys spruneri
Stachys tetragona
Olisia clade
Stachys aegyptiaca
Stachys annua
Stachys araxina
Stachys burchelliana
Stachys hildebrandtii
Stachys hyssopoides
Stachys lamarckii
Stachys maritima
Stachys neurocalycina
Stachys rupestris
Hypogomphia bucharica
Hypogomphia turkestana
Phlomidoschema parviflorum

Shape of lumina

Sculpturing

Species

Table 2. (Continued).

0.8
0.7
0.7
0.6
0.6
≥1.0
1.4
0.6
1.1
0.3
1.1
1.1
0.7

1.2
1.5
≥1.0
0.8
≥1.0
0.7
1.0
1.0

0.3
0.6
0.2
0.3
0.4
0.3

3–6
1–4
4–8
3–5
1–5
1–6
1–8
2–6
4–8
0
5-12
7-20
2–4

3–10
4–12
3–5
3–6
4–10
4–8
3–7
4–9

–
–
–
–
–
–

2.6
2.4
2.9
2.3
2.9
3.2
2.7
2.1
2.7
–
2.4
1.6
1.7

3
3.6
4.2
3.9
3.4
3.2
3.7
3.2

–
–
–
–
–
–

Length of lumina/ Number of punctae Muri
Diameter of holes in each lumen
width
0.3
–
–

Smooth
Sinuate
Smooth
Sinuate
Smooth
Sinuate
Smooth
Sinuate
Sinuate
Smooth
Sinuate
Sinuate
Sinuate

Sinuate
Sinuate
Sinuate
Sinuate
Smooth
Smooth
Sinuate
Sinuate

Smooth
Smooth
Smooth
Smooth
Smooth
Smooth

Muri
surface
Smooth

3
3
3
3
3
3
3
3
3
3
3
3
3

3
3
3
3
3
3
3
3

4
4
4
4, 5
4
4

Number
of colpi
4
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Figure 1. Scanning electron micrographs of trichomes from outer part of calyces and adaxial side of leaves in Stachydeae. a, b Melittis
melissophyllum (short simple trichomes: uni-/bicellular, conical and erect; glandular trichomes: GII); c Stachys alpina (short simple
trichomes: unicellular, acicular, erect); d Stachys ehrenbergii (short simple trichomes: unicellular, acicular, curved); e Stachys mucronata
(short simple trichomes: uni-/bi-/multicellular, acicular/conical, curved; glandular trichomes: GI); f Haplostachys haplostachya (long
simple trichomes); g Phyllostegia grandiflora (short simple trichomes: bicellular, conical, appressed); h, i Phyllostegia pilosa (short
simple trichomes: uni-/bicellular, acicular, erect/curved; glandular trichomes: GI); j Stachys aethiopica (short simple trichomes: bi-/
multicellular, conical, curved/appressed; glandular trichomes: GI, GII); k Stachys arenaria (short simple trichomes: multicellular,
conical, erect/curved; glandular trichomes: GI, GII); l Stachys arvensis (short simple trichomes: uni-/bicellular, acicular/conical, erect/
curved); m Stachys bullata (glandular trichomes: GIII); n Stachys circinata (short simple trichomes: bi-/multicellular, conical, appressed;
glandular trichomes: GI); o Stachys corsica (glandular trichome: GI).
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Figure 2. Scanning electron micrographs of trichomes from outer part of calyces and adaxial side of leaves in Stachydeae. a Stachys
debilis (short simple trichomes: bi-/multicellular, acicular, erect); b Stachys durandiana (short simple trichomes: bicellular, acicular,
appressed); c Stachys floridana (short simple trichomes: uni-/bicellular, acicular, erect; glandular trichomes: GI); d Stachys grandidentata
(glandular trichomes: GIII); e Stachys grandifolia (glandular trichomes: GII, GIII); f, g Stachys latidens (short simple trichomes:
uni-/bicellular, acicular, erect; glandular trichomes: GI); h Stachys macraei (short simple trichomes: uni-/bicellular, acicular, erect;
glandular trichomes: GII, GIII); i Stachys natalensis (short simple trichomes: bicellular, acicular, curved); j Stachys nigricans (short
simple trichomes: bicellular, acicular, erect); k Stachys ocymastrum (short simple trichomes: uni-/bicellular, acicular, curved; glandular
trichomes: GI); l Stachys saxicola (long simple trichomes; glandular trichomes: GIV); m Stachys tenuifolia (short simple trichomes: uni-/
bicellular, acicular, erect); n Stenogyne calaminthoides (short simple trichomes: bicellular, acicular, curved); o Stachys menthoides (short
simple trichomes: uni-/bicellular, conical, curved; glandular trichomes: GI, GII, GIII).
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Figure 3. Scanning electron micrographs of trichomes from outer part of calyces and adaxial side of leaves in Stachydeae. a Stachys
bombycina (extremely long simple trichomes); b Sideritis clandestina (extremely long simple trichomes); c Sideritis antiatlantica
(extremely long simple trichomes); d Sideritis endressii (short simple trichomes: multicellular, conical, curved; glandular trichomes:
GI); e, f Sideritis leucantha (short simple trichomes: bi-/multicellular, conical, curved; glandular trichomes: GI, GII, GIV); g Sideritis
tragoriganum (short simple trichomes: bi-/multicellular, conical, curved); h Sideritis candicans (branched nonglandular trichomes); i
Sideritis cretica (branched nonglandular trichomes); j Sideritis dasygnaphala (branched nonglandular trichomes); k Sideritis gomerae
(long simple trichomes); l Stachys canescens (short simple trichomes: uni-/bicellular, conical, appressed; glandular trichomes: GI); m
Stachys chrysantha (extremely long simple trichomes); n Stachys glutinosa (short simple trichomes: uni-/bicellular, conical, appressed;
glandular trichomes: GI); o Stachys menthifolia (glandular trichomes: GI, GII, GIII).
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Figures 4. Scanning electron micrographs of trichomes from outer part of calyces and adaxial side of leaves in Stachydeae. a Stachys
mollissima (short simple trichomes: uni-/bi-/ multicellular, acicular, erect; glandular trichomes: GI, GII); b Stachys recta (short simple
trichomes: bicellular, conical, curved; glandular trichomes: GI); c Stachys spruneri (short simple trichomes: uni-/bicellular, acicular/
conical, erect; glandular trichomes: GII); d Stachys swainsonii (short simple trichomes: uni-/bicellular, acicular, erect; glandular trichomes:
GI, GIII); e Stachys tetragona (glandular trichomes: GII); f Hypogomphia bucharica (short simple trichomes: uni-/bicellular, acicular,
erect; glandular trichomes: GIII); g Hypogomphia turkestana (short simple trichomes: bicellular, conical, erect; glandular trichomes:
GII); h Phlomidoschema parviflorum (glandular trichomes: GI); i Stachys annua (short simple trichomes: bicellular, conical, appressed); j
Stachys araxina (glandular trichomes: GIV); k, l Stachys burchelliana (branched nonglandular trichomes); m Stachys dregeana (branched
nonglandular; glandular trichomes: GIV); n Stachys hildebrantii (branched nonglandular trichomes; glandular trichomes: GI, GIII); o
Stachys hyssopoides (branched nonglandular; glandular trichomes: GI).
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Figures 5. Scanning electron micrographs of trichomes from outer part of calyces and adaxial side of leaves in Stachydeae. a Stachys
lamarckii (branched nonglandular trichomes); b Stachys maritima (short simple trichomes: multicellular, conical, appressed; glandular
trichomes: GIII); c Stachys neurocalycina (short simple trichomes: uni-/bi-/multicellular, conical, appressed; glandular trichomes:
GI); d, e Stachys rupestris (glandular trichomes: GI, GII, GII, ±GIV); f Thuspeinanta persica (short simple trichomes: uni-/bicellular,
conical, erect). Scanning electron micrographs of pollen grains in Stachydeae. g, h Melittis melissophyllum (tricolpate; microreticulate
with polygonal lumina); i, j Stachys heraclea (tricolpate; microreticulate with polygonal lumina); k Stachys mucronata (microreticulate
with polygonal lumina); l Haplostachys haplostachya (tricolpate; bireticulate, heterobrochate); m Stachys arenaria (microreticulate
with elongate lumina); n Stachys arvensis (reticulo–granulate, reticulum incomplete); o Stachys bullata (microreticulate with elongate
lumina).
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Figure 6. Scanning electron micrographs of pollen grains in Stachydeae. a Stachys circinata (microreticulate with polygonal lumina);
b Stachys corsica (microreticulate with polygonal lumina); c Stachys durandiana (microreticulate with polygonal lumina); d Stachys
floridana (perforate); e Stachys grandidentata (microreticulate with polygonal lumina); f Stachys macraei (microreticulate with
polygonal lumina); g Stachys natalensis (bireticulate, heterobrochate); h Stachys ocymastrum (microreticulate with polygonal lumina);
i, j Stachys palustris (microreticulate with polygonal-elongate lumina); k Stachys tenuifolia (bireticulate, heterobrochate); l Stachys
menthoides (reticulate with polygonal-rounded lumina); m Stachys distans (microreticulate with polygonal-elongate lumina); n, o
Sideritis clandestina (hexapantocolpate).
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Figure 7. Scanning electron micrographs of pollen grains in Stachydeae. a Sideritis endressii (perforate); b Sideritis candicans
(tetracolpate); c Sideritis cretica (tetracolpate); d Sideritis gomerae (pentacolpate); e Sideritis soluta (perforate); f Stachys canescens
(bireticulate, heterobrochate); g Stachys chrysantha (bireticulate, heterobrochate); h Stachys glutinosa (bireticulate, heterobrochate); i
Stachys mollissima (bireticulate, heterobrochate); j Stachys recta (bireticulate, ±homobrochate); k Stachys spinosa (microreticulate with
polygonal lumina); l, m Stachys spruneri (tricolpate; bireticulate, heterobrochate); n Stachys tetragona (bireticulate); o Stachys aegyptiaca
(tricolpate).
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Figure 8. Scanning electron micrographs of pollen grains in Stachydeae. a Stachys aegyptiaca (microreticulate with polygonal lumina);
b Stachys annua (microreticulate with polygonal lumina); c, d Stachys araxina (microreticulate with polygonal lumina); e Stachys
burchelliana (microreticulate with polygonal lumina); f Stachys hildebrantii (microreticulate); g Stachys hyssopoides (bireticulate,
heterobrochate); h Stachys lamarckii (bireticulate); i Stachys neurocalycina (bireticulate, heterobrochate); j, k Stachys rupestris
(tricolpate; perforate); l Hypogomphia bucharica (bireticulate, heterobrochate); m, n Hypogomphia turkestana (tricolpate; bireticulate,
heterobrochate); o Phlomidoschema parviflorum (microreticulate with elongate lumina).
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Figure 9. Light microscopy of leaf lamina and trichome types in selected Stachys spp. with Safranin–Fast Green staining. a, b Stachys
ehrenbergi (glandular trichomes: GII, extremely long simple trichomes), c Stachys menthoides (short simple trichomes: uni and
bicellular), d Stachys bombycina (extremely long simple trichomes), e Stachys menthifolia (short simple trichomes: unicellular, glandular
trichomes: GIII), f Stachys swainsonii (glandular trichomes: GIII), g, h Stachys aegyptiaca (branched nonglandular trichomes), i Stachys
rupestris (glandular trichomes: GI, GIII).

& Berthel.) Clos, Figure 3j; Si. soluta Clos; S. chrysantha,
Figure 3m). This type of trichomes could be peltate with
a large multicellular head (e.g., Stachys dregeana Benth.,
4m; Stachys rupestris Montbret & Aucher, 5d) and simple
capitate with a small and few-celled head. Three forms of
capitate glandular trichome were recognized in the present
study. The first form was of subsessile and sessile capitate
glandular trichomes, which was observed in most studied
species (e.g., Stachys corsica Pers., Figure 1o; Sideritis
leucantha Cav., Figure 3e; Phlomidoschema parviflorum
(Benth.) Vved., Figure 4h). The second form was of shortstalked glandular trichomes (up to 200 μm; e.g., Melittis
melissophyllum L., Figure 1a; Stachys spruneri Boiss.,
Figure 4c; S. tetragona Boiss. & Heldr., Figure 4e) and the
last form was of long-stalked glandular trichomes (more
than 200 μm; e.g., Hypogomphia bucharica Vved., Figure

4f; S. bullata Benth., Figure 1m; S. grandidentata Lindl.,
Figure 2d; S. macraei Benth., Figure 2h).
3.2. Pollen grains
Number of apertures― Numbers of apertures were
different among all examined taxa. Melittis melissophyllum,
(Figure 5g) and Hypogomphia turkestana (Figure 8m)
were characterized by tricolpate pollen grains. However,
in Haplostachys haplostachya the number of colpi varied
between tri- (Figure 5i) and tetracolpate even among
different pollen of one population. All examined Stachys
spp. were tricolpate, but pollen grains of Sideritis spp., were
mostly tetracolpate (Figures 7b and 7c), except Si. gomerae
Bolle and Si. clandestina with pentacolpate (Figure 7d) and
hexapantocolpate (Figures 6n and 6o), respectively.
Sculpturing― Five different types of exine sculpturing
were distinguished here: reticulate (S. menthoides Kotschy
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Figure 10. Diagram of pollen and trichome types in Stachydeae (a); map of selected characters (present study on the simplified Bayesian
50% majority rule consensus tree based on nrITS sequences (Salmaki et al., 2013) of 104 taxa of Stachydeae and two species of Betonica
as outgroups (b).
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& Boiss., Figure 6l), reticolo-granulate (S. arvensis, Figure
5n), bireticulate (e.g., Haplostachys haplostachya, Figure 5l;
Hypogomphia bucharica, Figure 8l; S. glutinosa L., Figure
7h), microreticulate (e.g., Melittis melissophyllum, Figure
5h; Phlomidoschema parviflora, Figure 8o; S. palustris L.,
Figure 6i) and perforate (Si. soluta, Figure 7e; S. floridana
Shuttlew. ex Benth., Figure 6d; S. rupestris, Figure
8k). Bireticulate type was divided into two subgroups:
homobrochate (reticulate pollen wall with lumina of
uniform size; S. recta, Figure 7j) and heterobrochate
(reticulate pollen wall with lumina of different sizes; S.
natalensis Hochst., Figure 6g). Reticulate, bireticulate, and
microreticulate types were in turn be subdivided into three
subtypes with: polygonal (e.g., S. araxina Kopell., Figure
8d), polygonal-rounded (S. menthoides, Figure 6l) and
elongated muri (e.g., Haplostachys haplostachya, Figure 5l).
In addition, number of punctae in each lumen and muri’s
width and surface showed variations among those species
with reticulate, bireticulate and microreticulate types of
sculpturing. Although some species like S. mucronata
Sieber ex Spreng. (Figure 5k), M. melissophyllum (Figure
5h) and S. palustris (Figure 6j) showed sinuate surfaces, S.
araxina (Figure 8d), S. natalensis (Figure 6g) and S. recta
(Figure 7j) were characterized by smooth surface.
3.3. Analysis of nrITS sequences
The monophyly of tribe Stachydeae is confirmed here with
Melittis as sister to all remaining Stachydeae (Eurystachys).
In the ITS phylogenetic tree (Figure 10b), corroborating
previous studies (Salmaki et al., 2013; 2019) Eurystachys is
divided into 12 well-supported clades, named here as (1)
Eriostomum Hoffmanns. & Link [Y.Salmaki], (2) Stachys
L. [Y.Salmaki], (3) Distantes Bahattacharjee [Y.Salmaki],
(4) Hesiodia Moench [Y.Salmaki], (5) Burgsdorfia
Moench [Y.Salmaki], (6) Empedoclia Rafin. [Y.Salmaki],
(7) Sideritis L. [Y.Salmaki], (8) Marrubiastrum Moench
[Y.Salmaki], (9) Swainsoniana Bhattacharjee [Y.Salmaki,
(10) Prasium L. [Y.Salmaki], (11) Setifolia Bahattacharjee
[Y.Salmaki] and (12) Olisia Dumort. [Y.Salmaki] (Figure
10b). The results of our ancestral state reconstruction of
morphological characters on the BI tree are presented in
Figure 10b.
4. Discussion
This study represents the most comprehensive investigation
of trichome and pollen morphology in tribe Stachydeae.
Although highly resolved and supported phylogenetic
backbone for tribe Stachydeae has been provided by
Salmaki et al. (2013, 2019), most of the clades could not be
characterized based on morphological apomorphies. Since
finding reliable synapomorphies is a crucial criterion for
both systematic and phylogenetic purposes, we present
here our evaluation of the applicability of the trichome and
pollen characters. The present study is the first attempt to

evaluate the importance of trichome and pollen characters
for finding morphological synapomorphies in natural
classification of Stachydeae.
Both simple and sessile to subsessile glandular trichomes
occur widely in the tribe Stachydeae. However, the presence
of branched trichomes is restricted to Marrubiastrum
and Olisia clades. The presence of simple nonglandular
trichomes is a widespread and constant condition in the
species of all studied genera, although their size variation
provides a valuable character. The species of Eriostomum
clade, for instance, are characterized by extremely long
trichomes, while in the remaining Stachydeae they are
mostly shorter. The glandular trichomes in various forms
are widespread among Stachydeae species, and represent
the plesiomorphic state.
The nuclear and plastid phylogenies of Stachydeae
have shown the sister relationship of the monotypic genus
Melittis to Eurystachys (a phylogenetic name of a wellsupported clade including all remaining Stachydeae).
Melittis melissophyllum is a perennial herb distributed in
eastern Europe and western Asia and differs from the rest
of Stachydeae in having the calyx strongly 2-lipped and
appearing mostly 3-dentate or with an entire or irregularly
dentate upper lip (Harley et al., 2004). It covers sparsely
with short-stalked and sessile glandular trichomes and
short simple trichomes (uni-/bicellular) which are conical
in shape and erect in orientation (Figures 1a and 1b). In
addition, it shows microreticulate type of exine sculpturing
composed of polygonal lumens and sinuate muri
(Figures 5g and 5h). Although Melittis melissophyllum is
phylogenetically and morphologically unique among the
studied species, no novelty concerning trichomes and
pollen morphology can be recognized for this species.
As the taxonomy of the Eurystachys is still controversial
and under discussion and the available infrageneric
classifications do not reflect the current understanding
of the supra specific level in Stachys and allied genera,
we evaluate trichome and pollen characters based on the
clades derived by molecular phylogenetic studies (sensu
Salmaki et al., 2019; Figure 10b).
4.1. Eriostomum
Eriostomum clade consists of two sections of the genus
Stachys, i.e., S. sect. Eriostomum (Hoffmanns. & Link)
Dumort. and S. sect. Mucronata Bhattacharjee according
to Bhattacharjee’s classification (1980) (Salmaki et al.,
2013, 2019). Although the monotypic sect. Mucronata
and sect. Eriostomum are different based on the number
of flowers in each verticillaster, spiny calyx teeth, length
and branching pattern of flowering axis (Bhattacharjee,
1982), both of them are characterized by having the outer
surface of the upper corolla lip covered with long, soft,
simple hairs (Salmaki et al., 2013). Moreover, all examined
taxa are characterized by extremely long simple trichomes
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and sessile glandular trichomes. Both examined species, S.
mucronata (from Stachys sect. Mucronata) and S. heraclea
(from S. sect. Eriostomum), consist of tricolpate pollen
with microreticulate type of sculpturing composed of
polygonal lumens and sinuate surface (Figures 5i–5k). Our
results corroborating earlier evidence regarding trichomes
and pollen types of S. sect. Eriostomum (Salmaki et al.,
2008, 2009) confirm a close relationship between S. sect.
Eriostomum and S. sect. Mucronata (Figure 10b). However,
there is no characteristic feature useful for separating this
clade from the remainder of Eurystachys.
4.2. Stachys
Stachys clade is the second largest clade within Eurystachys
and comprises Hawaiian mints, Suzukia spp., all New
World and some of the Old World Stachys spp. (Salmaki et
al., 2013; 2019). This morphologically and geographically
diverse clade was divided into several more or less
supported subclades whose components differ from study
to study (Salmaki et al., 2013; Roy et al., 2015; Salmaki et
al., 2019).
Both S. palustris and S. sylvatica L. (widespread
throughout Old World) characterized by short simple
and sessile glandular trichomes as well as short and long
simple, sessile, and stalked glandular trichomes (Salmaki
et al., 2009), respectively, are phylogenetically attributed
to New World Stachys species (Salmaki et al., 2013). All
representatives of New World Stachys spp., share similar
type of trichomes (i.e. short simple and short-stalked
glandular trichomes); however, type of pollen sculpturing
differs from species to species. While S. bullata (Figure
5o) and S. tenufolia Willd. (Figure 6a) are characterized by
micro- and bireticulate type of sculpturing, respectively, S.
floridana shows perforate type of sculpturing (Figure 6d),
which is rarely reported among Stachys species.
Our results show that all representatives of perennials
Hawaiian mints, i.e. Haplostachys haplostachya (Figure
1f), Phyllostegia grandiflora (Figure 1g) P. pilosa (Figures
1h and 1i) and Stenogyne calaminthoides (Figure 2n) are
characterized by uni-/bicellular short simple trichomes
and sessile or short-stalked glandular trichomes. Longstalked glandular trichomes are lacking among the
Hawaiian mints. Corroborating the result of previous
morphological study by Abu-Asab and Cantino (1992),
among all three Hawaiian mints with tricolpate pollen
grains, Haplostachys haplostachya is characterized by
tri- and tetracolpate pollen grains with heterobrochate
bireticulate type of sculpturing (Figure 5l).
Two Chilean species of Stachys, i.e. S. macraei Benth.
and S. gradidentata Lindl. (corresponds to clade H;
Salmaki et al., 2013), which are recognized by their long
corolla tube as well as exerted stamens (Harley et al.,
2004), share the same types of trichomes and pollen. Both
species are covered by short and long simple along with
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the subsessile/sessile, short- and long-stalked glandular
trichomes (Figures 2d and 2h) and microreticulate type
of sculpturing composed by polygonal shape of lumens
(Figures 6e and 6f).
The annual Stachys arvensis is characterized by uni-/bior multicellular short simple (Figure 1l) and long as well as
sessile glandular trichomes and reticulo-granulate type of
sculpturing (Figure 5n). This species is closely related to a
subclade consisting of several Old World Stachys species
(i.e. S. arenaria Vahl, S. circinata L’Hér., S. corsica, S.
ocymanstrum (L.) Briq. and S. saxicola Coss. and Balansa).
The common type of indumentum among all species of
this subclade is short-stalked glandular trichomes. Among
nonglandular trichomes, short and long simple trichomes
are observed among S. corsica and S. circinata as well as
S. arenaria, S. ocymanstrum, and S. saxicola, respectively.
All members of a group of tropical to southern
African Stachys species (corresponds to clade J; Salmaki
et al., 2013) are characterized by uni-/bicellular conical
short simple trichome as well as sessile to short-stalked
glandular trichomes. In addition, both S. grandifolia
E.Mey. and S. aethiopica L., contrary to S. natalensis and
S. nigricans Benth. (Figures 2i and 2j) possess long simple
trichomes. The density of indumentum is highly decreased
among the species of this subclade. In addition, pollen
grains of Stachys natalensis (Figure 6g) and S. nigricans
are characterized by heterobrochate bireticulate and
microreticulate types of sculpturing, respectively.
Most members of Stachys clades are similar in terms
of trichomes and pollen morphological features and they
cannot be distinguished from the remainder of Eurystachys.
4.3. Prasium
The Prasium clade contains the monotypic genus Prasium
and is well characterized morphologically by having a
suffrutescent life form, lacking spinescent bracts, deeply
hooded posterior lip of corolla and the presence of fleshy
nutlets (Harley et al., 2004; Salmaki et al., 2013). Prasium
majus is usually glabrous or sparsely covered with short
simple trichomes (Harley et al., 2004). The tricolpate
pollen grains are microreticulate with more or less
elongate lumens including 1–3 punctae in each lumen
(Abu-Asab and Cantino, 1994). Although Prasium is
morphologically well distinguished from other clades of
Eurystachys, trichome and pollen morphology show no
characteristic feature useful for separating it from other
clades of Eurystachys.
4.4. Setifolia
This clade comprises Stachys menthoides and S. setifera
from Stachys sect. Setifolia (Salmaki et al., 2013).
Characteristic features shared by the members of the
Setifolia clade are the rhizomatous and creeping habit as
well as growing in sandy riverbeds (Salmaki et al., 2012).
They are also distinguished by spinescent floral leaves,
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mucronate calyx teeth and oblong, acuminate bracteoles as
long as or slightly shorter than the calyx tube and stamens
slightly exserted from the corolla tube (Bhattacharjee,
1982). All three subspecies of Stachys setifera C.A.Mey,
i.e. S. setifolia subsp. daenensis (Gandog.) Rech. F., S.
setifera C.A.Mey subsp. iranica (Rech.f.) Rech.f., S.
setifolia C.A.Mey subsp. setifera are covered sparsely by
smooth short simple nonglandular and stalked glandular
trichomes (Salmaki et al., 2009). Our results show that
Stachys menthoides possesses the same type and density
of trichomes besides sessile glandular trichomes (Figure
2o). Contrary to trichome morphology these taxa differ
in pollen morphological features. Based on Salmaki et al.
(2008), all three subspecies of S. setifera are characterized
by bireticulate type of sculpturing with polygonal lumen,
but S. menthoides are unique by having reticulate type of
sculpturing (Figure 6l).
4.5. Distans
The strongly supported Distans clade comprising two
species of Stachys sect. Olisia, i.e. S. distans Benth. and
S. bombycina, are characterized by 6–10 (16) flowered
in verticillasters as well as stem covered by arachnoid
curly trichomes (Bhatacharjee, 1980). Although both
species share mostly similar type of trichomes, i.e. simple
and sessile to subsessile glandular trichomes, they look
different in their appearance. Contrary to S. distans which
is sparsely covered by long simple, sessile and stalked
glandular trichomes, S. bombycina is densely covered
with extremely long simple trichomes (Figures 3a and 9d)
covering the underlying sessile glandular trichomes.
4.6. Burgsdorfia
Contrary to Bentham (1848), who assigned all annual
Sideritis taxa to sect. Hesiodia Moench, Briquet (1893)
divided this section into two: sect. Hesiodia s.str. and sect.
Burgsdorfia Moench. Sideritis sect. Burgsdorfia includes
those annual taxa that are characterized by tetracolpate
pollen as well as long or extremely long simple trichomes
(Briquet, 1893; Harley et al., 2004). The strongly supported
Burgsdorfia clade corresponds to Sideritis sect. Burgsdorfia
(Salmaki et al., 2013). Based on Abu-Asab and Cantino
(1992), tetracolpate pollen was observed in Si. romana L.
subsp. curviderns (Stapf) Holmboe (Figure 10b).
4.7. Hesiodia
The Hesiodia clade (sensu Salmaki et al., 2019) containing
Si. montana L. is well characterized by the color of the
flowers which is golden yellow and purple to brown at
margin (Moench, 1794; Huynh, 1972). Moench (1794)
and Briquet (1893) had separated the remainder of
annual Sideritis spp. characterized by tricolpate pollen
in the Si. sect. Hesiodia. However, it is worth noting that
the tetracolpate pollen as the most characteristic feature
for Si. sect. Burgsdorfia was also observed in Si. montana

(Salmaki et al., 2008). Sideritis montana is characterized
by foveolate-psilate tri- and tetracolpate pollen as well as
sparsely short and long simple trichomes along with sessile
glandular ones (Salmaki et al., 2008; 2009). Therefore, our
results suggest a close relationship among two annual
sections of Sideritis, i.e. Hesiodia and Burgsdorfia, which is
in agreement with Bentham’s (1848) classification.
4.8. Empedoclia
The monophyly of Empedoclia clade has been reported
in previous studies (e.g., Barber et al., 2002; Salmaki et
al., 2013). The Empedoclia clade contains four species
of Sideritis sect. Empedoclia Rafin., which is one of the
perennial sections of Sideritis with entire bracts and
distributed in the countries of the eastern Mediterranean
(Balkans, Turkey, Syria) (Salmaki et al., 2013). Abu-Asab
and Cantino (1992) have reported hexapantocolpate
pollen in three species of Si. sect. Empedoclia (i.e. Si. taurica
Stephan ex Willd., Si. euboea Heldr. and Si. hololeuca
Boiss. & Heldr). In addition, Halbritter et al. (2009)
reported the same type of pollen grains for Si. syriaca L.,
another species of Si. sect. Empedoclia. Our results show
that hexapantocolpate pollen is also found in Si. cladestina
(Bory & Chaub.) Hayek (Figures 6n and 6o). Corroborating
earlier evidence, it seems that hexapantocolpate is
hypothesized to be a synapomorphy of Sideritis sect.
Empedoclia. Regarding trichomes morphology, both Si.
perfoliata and Si. cladestina (Figure 3b) possess long simple
nonglandular (along with extremely long in Si. cladestina)
and sessile glandular trichomes.
4.9. Sideritis
The Sideritis clade comprising Sideritis sect. Sideritis
approximately 50 to 100 species (Salmaki et al., 2019)
contains suffrutescent but none truly woody perennial
species which are endemic to western Mediterranean
region (especially the Iberian Peninsula) (Obón de Castro
and Rivera-Núnez, 1994; Barber et al., 2000). Sideritis
sect. Sideritis is morphologically characterized by dentate/
spinose bracts and tetracolpate pollen vs. entire bracts and
hexapantocolpate pollen in Si. sect. Empedoclia (Salmaki et
al., 2013). Corroborating earlier evidence (Obón de Castro
and Rivera Nuñez, 1994), all five examined taxa from Si.
sect. Sideritis show tetracolpate pollen with perforate type
of sculpturing (Figure 7a). Moreover, all examined taxa are
sparsely covered by short, long, or rarely extremely long
simple nonglandular as well sessile to stalked glandular
trichomes (Figures 3c–3g).
4.10. Marrubiastrum
The Marrubiastrum clade including Sideritis subg.
Marrubiastrum represents one of the most species-rich
Macaronesian endemic groups with 24 perennial species
distributed among the ten islands of the Madeiran and
Canary Island archipelagos (Pérez de Paz and Negrìn
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Sosa, 1992). Corroborating earlier evidence (Barber et
al., 2002; 2007), all members of Si. subg. Marrubiastrum
formed a well-supported monophyletic clade (Salmaki
et al., 2019) and are morphologically characterized by
suffrutescent perennials, chasmophytic rosette plants and
large arborescent shrubs (Pérez de Paz and Negrìn Sosa,
1992). Our results show that all examined species are
tetracolpate, except Si. gomerae which is characterized by
tetra- (corroborating Abu-Asab and Cantino, 1992) and
pentacolpate pollen (Figure 7d). It is worth mentioning
that the number of colpi in Si. cretica subsp. cretica also vary
between tetracolpate and pentacolpate based on Pérez de
Paz and Negrín Sosa (1992). The type of sculpturing among
all examined taxa is perforate with smooth muri (Figures
7c–7g). Corroborating earlier evidence (Pérez de Paz and
Negrín Sosa, 1992), the most common type of trichomes
especially on the leaves and corolla tube is branched
trichomes (Figures 3h–3k). Contrary to Si. canariensis
with sparsely branched trichomes as mentioned by Pérez
de Paz and Negrín Sosa (1992), other examined species
show a dense vestiture. It seems that branched trichomes
among the Si. subg. Marrubiastrum derived from the
simple trichomes of remainder Sideritis spp.
4.11. Swainsoniana
Stachys sections Candida Bhattacharjee, Olisia and
Swainsoniana Bhattacharjee are the main components of
this clade (Salmaki et al., 2019). The Swainsoniana clade,
which is mostly distributed in the eastern Mediterranean
region, is characterized by following characters: ovate to
narrowly ovate-oblong or ovate-lanceolate lower cauline
leaves, attenuate to truncate at base, rarely subcordate,
verticillasters usually with conspicuous herbaceous
bracteoles, as long as calyx or slightly shorter, rarely
few and setaceous (Bhattacharjee, 1980). Bhattacharjee
(1980) mentioned some strong affinities between sect.
Olisia and sect. Swainsoniana. Moreover, both of these
sections share some morphological features with sect.
Candida (Bhattachaerjee, 1982). Although members of
Swainsoniana clade belong to different sections, they
show some affinities in micromorphological features like
possessing sparsely short and/or long simple and sessile
glandular trichomes (Figures 3i–3o; 4a–4e). Moreover,
the number of stalked glandular trichomes is significantly
decreased among all examined species of this clade.
Furthermore, most species of Swainsoniana clade are
characterized by tricolpate pollens (Figures 7f–7n)., except
those Stachys spp., belong to sect. Pontostachys I.KoevaTodorovska, i.e. S. atherocalyx K.Koch and S. iberica
M.Bieb. with tetracolpate pollen which have been reported
by Basset and Munro (1986) and Salmaki et al. (2008).
4.12. Olisia
The largest and heterogeneous Olisia clade contains
Stachys sect. Ambleia Benth., Aucheriana Bhattacharjee,
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Fragilicaulis Bhattacharjee, Olisia, Thamnostachys
Kapeller, Trinerves Krestovsk., and Zietenia (Gled.) Benth.
and except sect. Aucheriana and sect. Olisia, all other
sections are restricted to this clade (Salmaki et al., 2019).
It is worth noting that all of the Stachys (sections Ambleia
and Zietenia) and the monotypic Phlomidoschema with
branched trichomes are attributed to this clade.
Subclade annua— Both S. annua and S. maritima
contain short simple trichomes (uni-/bi-/multicellular,
conical, appressed) with papillae on their surfaces as
well as sessile/subsessile and stalked glandular trichomes
(Figures 4i and 5b). All parts are covered sparsely by
trichomes except their inflorescences. In addition, pollen
grains of both species are microreticulate with polygonal
lumina and sinuate muri (Figure 8b).
Subclade Thamnostachys— Stachys araxina belonging
to Stachys sect. Thamnostachys is characterized by sparsely
appressed short simple trichome which are papillae on
their surfaces and sessile glandular trichomes (Figure 4j)
as well as microreticulate pollen grains (Figures 8c and
8d). The similarities in trichome and pollen features of
S. fruticulosa and S. araxina corroborate the synonymy
of S. araxina under S. fruticulosa (Govaerts et al., 2020).
However, the sessile/subsessile glandular trichomes which
are reported here were not mentioned in Salmaki et al.
(2009).
Subclade Fragilicaulis includes all members of
Stachys sect. Fragilicaulis characterized by the fragile
base of the flowering stems and occurrence in saxicolous
habitats (Salmaki et al., 2012), and is sister to monotypic
Stachys sect. Neurocalyx (Salmaki et al., 2019). Stachys
neurocalycina from S. sect. Neurocalyx Bhattacharjee,
distinguished by ebracteolate verticillasters and exserted
corolla lips from calyx (Bhattacharjee, 1982), is covered
sparsely by papillate short simple trichomes and sessile
glandular trichomes (Figure 5c). Although S. neurocalycina
and members of subclade Fragilicaulis are similar based
on trichome morphology (see Salmaki et al., 2009),
heterobrochate bireticulate type of sculpturing (Figure 8i)
in S. neurocalycina shows characteristic feature useful for
separating this species from other members of Fragilicaulis
subclade. Based on Salmaki et al. (2008), all examined
species of S. sect. Fragilicaulis show microreticulate pollen
with polygonal lumina.
Subclade
CHT,
including
Chamaesphacos,
Hypogomphia, and Thuspeinanta (Salmaki et al., 2013;
2019), is comparatively morphologically distinct. The
group is primarily characterized by having narrow
nutlets and consists of annuals with 1–3 flowered cymes.
Although these three genera are morphologically and
ecologically unique among the studied species, no novelty
concerning trichome and pollen morphology can be
recognized for them. Uni-/bicellular short simple and
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sessile glandular trichomes are observed in Thuspeinanta
persica (Figure 5f). Type and density of trichomes differ
among two examined species of Hypogomphia. While H.
bucharica is densely covered by all three types of simple
trichomes (short, long, and extremely long trichomes;
Figure 4f), H. turkestana is sparsely covered by appressed
short and long simple trichomes (Figure 4g). However,
from the pollen morphology point of view both species
of Hypogomphia show high similarity. Our results show
that these species are characterized by hetrobrochate
bireticulate pollen (Figures 8l–8n). Bireticulate type of
sculpturing was also observed in Chamaesphacos ilicifolius
(Length of the lumina ≥1.0μm; Abu-Asab and Cantino,
1992). However, Thuspeinanta persica with microreticulate
type of sculpturing differs from both mentioned genera.
Subclade Ambleia consists of part of Stachys sect.
Ambleia, i.e. S. aegyptiaca, S. inflate, and S. schtschegleevii
as well as Phlomidoschema parviflora (Salmaki et al.,
2019). Although S. sect. Ambleia is polyphyletic, all
species attributed to this section are characterized by
branched trichomes. Phlomidoschema parviflorum, which
had been previously treated to Stachys (as S. parviflora
Benth.; Bentham, 1848) belongs to Stachys sect. Ambleia
is characterized by its very dense stellate-dendroid
indumentum and small corollas (Hedge, 1990). Regarding
pollen morphology, P. parviflora and S. aegyptiaca with
microreticulate type of sculpturing and polygonal lumina
(Figure 8a and 8o) are different from reticulate type which
was reported by Salmaki et al. (2008) for S. inflata and S.
schtschegleevii.
Branched trichomes also are observed on most
remainder of S. sect. Ambleia, i.e. S. aurea, S. burchelliana,
S. hildbrandtii, S. hyssopoides, and S. yemenensis that
are placed in different subclades (Salmaki et al., 2013;
2019). However, the multinodal branched trichomes are
very sparse in Stachys hyssopoides and S. dregeana. From
the pollen morphology point of view, bireticulate and
microreticulate types of sculpturing are observed among
S. hyssopoides as well as S. burchelliana and S. hildbrandtii,
respectively. Such variation in pollen sculpturing was
present also among Ambleia subclade.
Members of S. sect. Ambleia are placed in different
subclades indicating parallel evolution of branched
trichomes, as the main characteristic correlating the
species of this section, in the genus.
Subclade Trinerves contains S. trinervis which has
been recently transferred from S. sect. Ambleia to its own
monotypic section, i.e. S. sect. Trinerves (Krestovskaya,
2007), as well as S. subaphylla from S. sect. Ambleia. Both
S. subaphylla and S. trinervis have narrow leaves with
branched trichomes.
Subclade Zietenia— Two accessions of Stachys
lavandulifolia (S. sect. Zietenia) and S. turcomanica (S.
sect. Ambleia) are placed in Zietenia subclade (Salmaki

et al., 2019). Corroborating molecular evidence, both
species are similar in trichome and pollen morphological
characters. They are densely covered by branched and
sessile glandular trichomes and show microreticulate type
of sculpturing with polygonal lumina (Salmaki et al., 2008;
2009).
Contrary to all species of Olisia clade which show
polygonal/elongate lumen arranged in a bi- and/or
microreticulate sculpturing pattern, Stachys rupestris
belongs to sect. Infrarosularis Bhattacharjee is unique
among all species of the Olisia clade by having perforate
type of sculpturing.
5. Conclusion
We here present the most comprehensive study on trichome
and pollen morphology of tribe Stachydeae. One of the
main applications of the present study is the evaluation
of the value of trichome and pollen characters for the
taxonomy of the Stachydeae and finding morphological
synapomorphies for natural groups within Eurystachys.
Sessile and subsessile glandular trichomes were also
common and were found in most species of Stachydeae.
Our results show that the investigated characters
extremely long simple trichomes and branched trichomes
were recognized as synapomorphies for Eriostomum
and Marrubiastrum clades, respectively. In addition, our
results show at least two independent origins of branched
glandular trichomes in Marrubiastrum and Olisia clades
(Figure 10b). Compared to the trichomes characters, the
morphological diversity is less in pollen grains. Number
of colpi and type of sculpturing as the main features of
the investigated pollen grains afforded valuable characters
especially in delimitation of several natural groups, e.g.,
Eriostomum, Empedoclea, Marrubiastrum, Setifolia,
Sideritis, and Swainsoniana clades. A close relationship
among two annual clades of Sideritis (Hesiodia and
Burgsdorfia) is suggested by the pollen morphological
characters. However, in both Stachys and Olisia clades,
which are morphologically heterogeneous, type of
sculpturing shows variation. Overall, trichome and
pollen characters along with other reliable morphological
characters can be useful in describing the natural groups
within Eurystachys.
Acknowledgments
YS is grateful to the “Alexander von Humboldt Stiftung”
and the Iran National Science Foundation (INSF grant
number 99003953). We appreciate the curators of M, MSB,
W for giving permission to use the herbarium samples
and we are also grateful to the collectors for the material
used in this study. Kind assistance from Atefeh Babaei is
appreciated. We also thank Mr. Javadi Anaghizi for his
help in scanning electron microscopy (Central laboratory
of the Shahid Beheshti University).

227

HOMAMI-TOTMAJ and SALMAKI / Turk J Bot
References
Abu-Asab MS, Cantino PD (1992) Systematic implications of pollen
morphology in subfamilies Lamioideae and Pogostemonoideae
(Labiatae). Annals of the Missouri Botanical Garden 81: 653–
686.

Harley RM, Atkins S, Budantsev AL, Cantino PD, Conn BJ et
al.(2004) Labiatae. In: Kubitzki, K, Kadereit, J.W (Ed.). The
families and genera of vascular plants, Vol. VII. Springer,
Berlin & Heidelberg, pp. 167–275.

Basset IJ, Munro DB (1986) Pollen morphology of the genus Stachys
(Labiatae) in North America, with comparisons to some taxa
from Mexico, Central and South America and Asia. Pollen et
Spores 28: 279–295.

Halbritter H, Weber M, Zetter R, Frosch-Radivo A, Buchner R et al.
(2009) PalDat- Illustrated Handbook on Pollen Terminology.
Vienna. 70pp.

Barber JC, Francisco-Ortega J, Santos-Guerra A, Turner KG, Jansen
RK (2002) Origin of Macaronesian Sideritis L. (Lamioideae:
Lamiaceae) inferred from nuclear and chloroplast sequence
datasets. Molecular Phylogenetics and Evolution 23: 293–306.
Barber JC, Finch CC, Francisco-Ortega J, Santos-Guerra A, Jansen RK
(2007) Hybridization in Macaronesian Sideritis (Lamiaceae):
evidence from incongruence of multiple independent nuclear
and chloroplast sequence datasets. Taxon 56 (1): 74–88.
Bentham G (1848) Labiateae. In: Candolle AP, eds. Prodromus
systematis naturalis regni vegetabilis, Paris: Victor Masson.
Bhattacharjee R (1980) Taxonomic studies in Stachys: Part II, A new
infrageneric classification of Stachys L. Notes from the Royal
Botanic Garden, Edinburgh 38: 65–96.
Bhattacharjee R (1982) Stachys. In: Davis PH, ed. Flora of Turkey
and the East Aegean Islands, Vol. 4. Edinburgh: Edinburgh
University Press, 199–281.
Briquet JI (1893) Sideritis L. In: Les Labièes des Alpes Maritimes.
Geneva: Georgel et Cie, 231–232 (in French).
Cantino PD (1990) The phylogenetic significance of stomata and
trichomes in the Labiatae and Verbenaceae. Journal of the
Arnold Arboretum 71 (3): 323–370.
Obón de Castro C, Rivera-Núnez D (1994) A Taxonomic Revision
of the Section Sideritis (genus Sideritis) (Labiatae). Cramer,
Berlin.
Darriba D, Taboada GL, Doallo R, Posada D (2012) .jModelTest 2:
More models, new heuristics and parallel computing. Nature,
Meth 9 (8): 772.
Demissew S, Harley MM (1992). Trichome, seed-surface and pollen
characters in Stachys, Lamioideae (Labiatae) in Tropical Africa.
In: Harley, R.M., Reynolds, T. (Eds.), Advances in Labiatae
Science, Royal Botanic Gardens. Kew, Richmond, Surrey, UK,
pp. 149–166.
Edgar RC (2004) MUSCLE: Multiple sequence alignment with high
accuracy and high throughput. Nucleic Acids Research 32,
1792–1797.
Eiji S, Salmaki Y (2016) Evolution of trichomes and its systematic
significance in Salvia (Mentheae; Nepetoideae; Lamiaceae).
Botanical Journal of the Linnean Society 180, 241–257.
Harley MM (1992). The potential value of pollen morphology as
an additional taxonomic character in subtribe Ociminae
(Ocimeae: Nepetoideae: Labiatae). Advances in Labiate
Science. Kew: Royal Botanic Gardens, Kew: 125–138.

228

Hedge IC (1990) Labiateae. In: S. I. Ali & Y. J. Nassir (eds), Flora of
Pakistan, pp. 193–217. BCC and T Press, University of Karachi.
Huynh KL (1972) Le pollen et la systématique du genre Sideritis L.
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Appendix 1. Collected data of Stachydeae specimens were examined for pollens and trichomes.
Species

Section

Collection data

Trichome Pollen

-

Hawaiian Islands: Maui, –, 2309 (W)

+

+

Hypogomphia bucharica Vved.

-

+

+

Hypogomphia turkestana Bunge

-

Tajikistan: Kress, 1110/72 (M)
Afghanistan: Baghlan, Pul-e-Khumri, Andres, 5586
(MSB)

+

+

-

Italy: Sizilien, Hörandl and Hadaček, 2362 (M)

+

+

-

Afghanistan: Kabul, Volk, 358 (M)

+

+

Phyllostegia grandiflora (Gaudich.) Benth.

-

Hawaiian Islands: Bosque de Yotoco, –, 11 (W)

+

-

Phyllostegia pilosa H.St.John

-

Hawaiian Islands: Kauai, Wawra, 1519 (W)

+

-

+

+

+

+

+

+

+

+

+

+

+

+

+

+
+

Sideritis nutans Svent.

Soria: La Muela. Segura Zubizarreta, 0257102 (M)
+
Spain: Almeria, Felshänge. Merxmüller and Lippert,
Sideritis
+
0257103 (M)
Empedocleopsis Spain: Gomera, Valle Granrey. Breitfeld, 0257104 (M) +

Sideritis perfoliata L.

Empedoclia

Spain: Grau and Molero,, s.n. M)
+
Peru: Südlich von Barrancán gegen Carrizales variiert
Marrubiastrum
+
sehr. Breitfeld, 0257107 (M)
Sideritis
Spain: Grau and Molero , s.n. (M)
+

-

Stachys aegyptiaca Pers.

Ambleia

Egypt: Sinai Peninsula, Podlech, 50085 (MSB)

+

+

Stachys aethiopica L.

-

Mozambique: Manika e Sofala, Mavi, 450 (M)

+

-

Stachys alpina L.

Eriostomum

Germany: Bayern, Sichler, 55 (M)

+

-

Stachys annua L.

Olisia

Turkey: B6 Sivas, Nydegger, 42679 (M)

+

+

Stachys araxina Kopell.

Thamnostachys

Turkey: A9 Kars, Nydegger, 46587 (M)

+

+

Stachys arenaria Vahl

Olisia

+

Stachys bombycina Boiss.

Morocco: D’Essaouira, Podlech, 48272 (MSB)
+
Germany: Nordrheinwestfalen, Düsseldorf, Dietrich,
Campaniastrum
+
6143 (M)
Olisia
Turkey: C2 Muğla, R. Ulrich, s.n. (M)
+

Stachys bullata Benth.

Group VI

USA: California, A.A. and H.N. Moldenke, 30443 (M) +

+

Stachys burchelliana Launert

Ambleia

+

+

Stachys canescens Bory & Chaub.

Swainsoniana

+

+

Stachys chrysantha Boiss. & Heldr.

Candida

Namibia: South of Narubis, Winter, 3330 (M)
Greece: Peloponnes, Greuter and Merxmüller, 17163
(M)
Greece: Peploponnisos, Lippert, 21312 (M)

+

+

Stachys circinata L’Hér.

Stachys

Aljeria: Wilaya Bouria, Podlech, 39196 (MSB)

+

+

Stachys corsica Pers.

Corsica

Corsica: Schuhwerk, 07/381 (M)

+

+

Haplostachys (A.Gray) Hillebr.
Haplostachys haplostachya Hillebr.
Hypogomphia Bunge

Melittis L.
Melittis melissophyllum L.
Phlomidoschema (Benth.) Vved.
Phlomidoschema parviflorum (Benth.) Vved.
Phyllostegia Benth.

Sideritis L.

Sideritis candicans Aiton

Morocco: Middle Atlas, road from Mischliffen, Jury
and Ait Lafkih, 0257095 (M)
Marrubiastrum Spain: Teneriffa, Beck, 0257105 (M)

Sideritis clandestina (Bory & Chaub.) Hayek

Empedoclia

Sideritis cretica L.

Creticae

Sideritis antiatlantica (Maire) Rejdali

Sideritis

Griechenland: Peloponnes, Meierott, 0257097 (M)

Spain. Tenerife Teno Bajo. Breitfeld, 0257098 (M)
Spain: Gran Canaria, Pozo de los Nieves. Breitfeld,
Sideritis dasygnaphala (Webb & Berthel.) Clos Marrubiastrum
0257099 (M)
Spain: De Gerona, Trockenrasen, Grau and Molero,
Sideritis endressii Willk.
Sideritis
0257100 (M)
Sideritis gomerae Bolle
Empedocleopsis Gomera: Barranco Cabrito. Breitfeld, 02577101 (M)
Sideritis incana L.
Sideritis leucantha Cav.

Sideritis soluta Clos
Sideritis tragoriganum Lag.

Sideritis

+
+
+
+

Stachys L.

Stachys arvensis L.

+
-
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Species

Section

Collection data

Trichome Pollen

Stachys debilis Kunth

Group VI

Ecuador: Baños, Heinrichs, 149 (M)

+

-

Stachys distans Benth.

Olisia

+

+

Stachys dregeana Benth.

Ambleia

+

-

Stachys durandiana Coss.

Stachys

Lebanon: Nahr Ibrahim, Roessler, 5211 (M)
South Africa: East of Cape, Hilliard and Burtt, 12190
(M)
Morocco: de Meknes, Podlech, 43312 (MSB)

+

+

Stachys ehrenbergii Boiss.

Eriostomum

Lebanon: Bräuchler, s.n. (M)

+

-

Stachys floridana Shuttlew. ex Benth.

Group X

USA: South Carolina, Nelson, 25419 (M)

+

+

Stachys germanica (Boiss.) Hayek

Eriostomum

+

-

Stachys glutinosa L.

Aucheriana

+

+

Stachys grandidentata Lindl.

Group VIII

Germany: Bayern, Lippert, 27579 (M)
Germany: Défilé de Lancone südwestlich Bastia,
Merxmüller and Lippert, 31239 (M)
Chile: Angol, Merxmüller, 25027 (M)

+

+

Stachys grandifolia E.Mey.

-

South Africa: Westfalia Estate, Bos, 1269 (M)

+

-

Stachys heraclea All.

Eriostomum

Spain: Osma, Herrera et al., 18370 (M)

+

+

Stachys hildebrandtii Vatke

Ambleia

Kenya: Nairobi, Mwangangi and Kasyoki, 1875 (M)

+

+

Stachys hyssopoides Burch. ex Benth.

Ambleia

South Africa: Merxmüller, 46 (M)

+

+

Stachys ionica Halácsy

Swainsoniana

Greece: Levask, Phitos and Kamari, 16421 (M)

+

-

Stachys lamarckii Benth.

Ambleia

+

+

Stachys latidens Small

Group X

+

-

Stachys macraei Benth.

Group VI

+

+

Stachys maritima Gouan

Olisia

+

+

Stachys menthifolia Vis.

Swainsoniana

South Africa: Clcoks, 18973 (M)
USA: North Carolina, Leonard and Hipperton, 1782
(M)
Chile: Concepción, Merxmüller, 24760 (M)
Bulgaria: Bezirk Burgas, Merxmüller and Zollitsch,
24473 (M)
Peninsula (Balkan Pen.): –, 11156 (M)

+

-

Stachys menthoides Kotschy & Boiss.

Setifolia

Turkey: C10 Hakkari, Duncan and Tait, 191 (M)

+

+

Stachys mollissima Willd.

-

+

+

Stachys mucronata Sieber ex Spreng.

Mucronata

+

+

Stachys natalensis Hochst.

-

+

+

Stachys neurocalycina Boiss.

Neurocalyx

Greece: Damboldt, 1974 (M)
Greece: Lasithi, Merxmüller and Podlech, 30908
(MSB)
South Africa: KanNgwane, K. and M-J. Balkwill and
Williamson, 6679 (M)
Palestine: Shefela, Danin and Plitmann, 13511 (M)

+

+

Stachys nigricans Benth.

-

South Africa: Cape, Bester, 1668 (M)

+

+

Stachys ocymastrum (L.) Briq.

Campaniastrum Spain: Gipuzkoa, Garin, 17388 (M)

+

+

Stachys palustris L.

Stachys

Germany: Bavaria, Schuhwerk, s.n. (M)

-

+

Stachys recta L.

Olisia

Austria: Schonswetter, 2517 (WU)

+

+

Stachys rupestris Montbret & Aucher

Infrarosularis

Turkey: C5 Içel, Nydegger, 42299 (M)

+

+

Stachys saxicola Coss. And Balansa

Candida

Morocco: d’Agdir, Podlech, 45644 (M)

+

-

Stachys spinosa L.

Olisia

Greece: Kreta, Vitek, 02-103 (M)

+

+

Stachys spruneri Boiss.

Swainsoniana

+

Stachys swainsonii Benth.

Swainsoniana

Stachys tenuifolia Willd.

Group X

Greece: Attica, Merxmüller, 14025 (M)
+
Greece: Peloponnese, Greuter and Merxmüller, 16924
+
(M)
New York: Lawrence, 336 (M)
+

Stachys tetragona Boiss. & Heldr.

Olisia

Greece: Euboea, Phitos, 3990 (M)

+

+

-

Hawaiian Islands: Hawaii, Degener, 23/721 (W)

+

-

-

Iran: Kashan, Salmaki et al., s.n. (TUH)

+

-

+

Stenogyne Benth.
Stenogyne calaminthoides A.Gray
Thuspeinanta T.Durand
Thuspeinanta persica (Boiss.) Briq.
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